S1. Time dependence of p-ISHE response in

S2. ISHE response as MW power dependence from cw to pulse level
The irradiated input power used in the pulsed ISHE measurement (e.g. 1kW for the cylindrical dielectric low-Q resonator) cannot be directly compared to the measurements obtained from a different resonator under cw irradiation; but this is not related with the pulsed and cw operation. It is simply due to the fact that different resonators possess different Fill-and Quality (Q)-factors. In fact the VISHE dependence on the applied microwave power, P cannot be compared even between two different pulse resonator configurations, or two different cw resonator configurations, when the resonators for each case have different Q-factors and Fill factors (see Fig. S2 ).
In order to correctly compare the cw and pulse ISHE experiments, a comparison of the delivered MW peak Poynting flux density, Ppulse must be made, which scales with the square of the applied B1 field magnitude in the two used resonators. The B1 field in our 1 kW pulse MW is 1.1 mT ( ∝ (1.1 ) 2 ), whereas the B1 field related to the 200 mW power in the center of the cw MW resonator is ~0.15 mT (depends on the Q value, ∝ (0.15 ) 2 ); thus the peak Poynting flux density increases by a factor of ~54 when the pulsed MW were used. As to the pulsed VISHE;
it roughly scales linearly with the MW delivered peak Poynting flux density. Namely, VISHE increases from cw (~25 μV) to pulse (~1.6 mV) by a factor of ~64; in good agreement with the delivered MW power increase (54). The small deviation from linearity comes from the rough estimation of the cw B1 field, and sample misalignment within each of the two resonators (i.e.
high-Q cw and low-Q pulsed resonators) combined with the inhomogeneity of the B1 field that exists in each resonator. We note in passing that VISHE does increase linearly with the MW power if the measurements are performed on one device placed in an unchanged resonator. The linearity under these circumstances even withstands changes between cw and pulse mode.
A direct experimental comparison of pISHE and cw-ISHE responses vs. the MW power, P was performed in a single MW resonator with different Q values (see Fig. S2 ). We placed a NiFe/Pt reference device in a resonator with variable Q values. When the pulsed MW power, of 1 kW is applied in a resonator of 'near-zero' Q value (the case for all pISHE measurements in our work), a VISHE of ~1.45 mV is observed (see Fig. S2a ). When cw MW power, P = 200 mW is applied for the same device in the same resonator but with a medium Q value, a much smaller VISHE (~4 µV) is detected. Obviously VISHE does not scale exactly linear with P from cw to pulse operation simply because of the different Q value condition in the resonator. Fig. S2c and S2d
show the pulsed VISHE measured at variable Q values in the same resonator. It is clearly seen that VISHE measured at the same Ppulse strongly depends on the Q value, and increases linearly when measured in a single Q value resonator. We also compare the cw-ISHE and pISHE VISHE as function of MW power measured in the same Q value. As seen in Fig. S2d 
S3. Suppressed AHE component as a function of the capacitor layer thickness
The asymmetry of the p-ISHE(B) response seen in Fig. 1d The 'shadowed' areas indicate the pulse-off state while the blank areas indicate the pulse-on state. All measurements were done at an external magnetic field angle of 0 degree. Although we concede that pinholes in organic layers can be a concern for organic device fabrication (the TEM images only show small portions of the cross sections of the real devices), our control measurements for this provide confidence that, if they are present here at all, they only impact our measurements far below the pISHE signal-to-noise ratio. The results from one of these control devices is shown in Fig. S3b , where we measured the resonant electrical response from a NiFe/Cu device. Without a microwave shunt capacitor, significant AHE is observed, while with the shunt capacitor in place, absolutely no voltage response is observed over the FMR resonance.
This 'null measurement' is consistent with previous reports that attempted ISHE by spin pumping into Cu S1 , where the ISHE was found to be negligible small due to low spin orbit coupling in the Cu thin film. Therefore, the signals produced by even the thin NiFe/C60/Cu devices cannot be due to ISHE at pinhole contacts between NiFe and Cu.
Finally, we note that there is no direct deposition of a metallic electrode that covers the whole OSEC layer as in OSV devices. This reduces very much the problems associated with metal inclusions and pinholes.
Supplementary Figure 
S6. Suppressed thermal artefacts by MW pulse
We focused on methods for suppressing the AHE artefact, since this is the only artefact that directly competes with the ISHE magnitude using our pulsed technique. Possible other artefact sources (e.g. resonant heating, and its derived spin-Seebeck effect, anomalous Nernst effect, etc.)
are very much suppressed under application of ns-to µs-range pulsed FMR excitation and a very low duty cycle (≤0.25%); in fact, the ability to reduce the overall irradiated heat power by reduction of the duty cycle is one of the main advantages of using a pulse technique. In spite of much stronger applied pulse peak power (in the kw-range), the overall irradiated energy per pulse, and thus, the average power deposited in the NiFe layer, is much lower compared with the reported ISHE response by cw MW excitation (Refs. 5 to 20). This approach is entirely analogue to what makes pulse optical spectroscopy so successful -using ps pulse excitation and measurements frees the experiment from heating and heat transport, since the electronic response is much faster than the heat creation and/or dissipation. We note that we measure the pISHE during the applied pulse, when heating effect are slow to react.
To give a quantitative example, the average pulsed MW excitation power (at 1000 W peak power, 2.6×10 −2 ≈ 9 ). Note that for this comparison, we used the square of the applied B1 field strengths in order to quantify the power that is deposited onto the sample. We also note that the irradiated input power, however (e.g. 1 kW for the used cylindrical dielectric low-Q resonator) is not comparable to the 200 mW cw power, as different resonators possess different fill-and quality factors. The result of this crude comparison shows that pISHE experiments under low duty cycles mitigate the spurious effects induced by microwave heating; which is not even taken into account in cw ISHE analysis in the literature (Refs. 5 to 21).
Other spurious effects from the NiFe electrodes have been excluded by one of our control experiments that is shown in Fig. S3b . By adding the microwave shunt capacitor layer, the electric components of the MW fields are strongly attenuated at the NiFe film. Thus, conduction-band electrons are no longer driven by the excitation pulse. This is not only an effective solution for the oppression of the AHE, but also for any additional artefacts due to resonant or anisotropic Joule heating. Therefore, as shown in the manuscript for the control device, there are no artefacts of comparable magnitude to the ISHE signals observed in the OSEC layers.
The resonant heating effects (normal Seebeck response) could potentially produce a symmetric lineshape. However in this case, the sign of the signal response would not change upon magnetic field reversal; so it can be ruled out. For other artefacts that could result from resonant heating such as the spin Seebeck effect (SSE) and/or Anomalous Nernst effect (ANE) in the NiFe layer or the full NiFe/Polymer/Cu system that would lead to a sign change upon the field reversal, the respective signals are expected to dissipate over timescales much longer than the 5 ns recovery time that is seen in our time-domain measurements (see Fig. S1 and S6).
In order to mimic the resonant heating and quantify any possible ANE or SSE induced by the pulse MW excitation, we have used an IR laser (785 nm) to heat the NiFe thin film on an ISHE device or off. This fast response could be due to the sudden establishment of a temperature gradient between the NiFe thin film and the Pt-3 polymer when the laser is switched on/off. We will further investigate this response in Fig. S10. (ii) A slow response that keeps increasing until saturation after 300 seconds. This slow response reveals the thermal response of the whole NiFe/Pt-3/Cu system before it reaches a new equilibrium after laser heating. This is due to normal Seebeck response. With a heating power (of ~9 mW) similar to the average power of the MW pulse excitation that we used in our pISHE measurements, however the magnitude of thermal voltage is less than 2 μV, which is much lower than the observed ISHE response (~52 μV). This stabilized thermal voltage is not magnetic-field dependent, as shown in Fig. S9(d) . kHz. This cutoff frequency of the fast thermal response indicates that the thermal voltage develops on time scales that are still much slower than the time scales in which our pulsed ISHE experiment is conducted (2 μs pulse duration time).
We note that we do observe a magnetic-field dependent response within this thermal response, though (see Fig. S10d ). This could be attributed to SSE or/and ANE response from the NiFe thin film or even an ISHE response in the OSEC layer due to thermal spin injection S2,S3 . However, this SSE/ANE signal is far too small (only ~20 nV) compared to the observed pISHE response in the organic layers, although we are using quite high laser power for the heating procedure.
In conclusion, we showed that the spin related transient thermal-voltages that are generated during the pulse ISHE measurement are much weaker than the generated ISHE voltage. We note that neither the magnitudes nor the frequency response of the thermally induced voltages are comparable to those of the pISHE response observed here. 
Supplementary
S7. Description of the p-ISHE response in OSEC materials
In contrast to the inorganic materials used before for spin pumping experiments 13,14 , OSECs generally exhibit rather low charge-carrier mobility. The resulting low conductivity of OSECs yields very high resistance across the two horizontal Cu contacts at a gap of 50 μm (Fig. S11 ). For conventional cw-ISHE measurements of OSEC layers 19 , VISHE shows a flat response with the material thickness, dN (see below), which makes it difficult to extract a value for the spin diffusion length, which is a critical parameter in deriving the spin Hall angle 21,S4,S5 . To overcome this difficulty we used charge current detection by essentially shorting the two horizontal Cu contacts with a current preamplifier, which has low internal resistance, RS (Fig. 2b and Fig. S11 ). The generated p-ISHE charge current, IC, passes through the OSEC layer in the vertical direction perpendicular to the NiFe/OSEC interface and along (see Fig. 2b ) and is detected by a current preamplifier. IC depends on dN mainly via the thickness dependence of the impedances involved in the measurement (see below), and this dependence provides one way to estimate the OSEC spin diffusion length.
(i) p-ISHE circuit model
For the ISHE response in metals under continuous wave (cw) FMR, the induced 'electromotive force' perpendicular to the spin-current direction can be written as
where is the length of the NiFe thin film parallel to the NiFe/OSEC interface plane; and are the spin Hall angle and spin diffusion length in the OSEC layer, respectively; and are the thicknesses of the OSEC and NiFe layers, respectively; and are the conductivity of the OSEC materials and FM electrode (e.g. = 1.5 × 10 6 / , = 2.0 × 10 6 / ) 5,21 , respectively; 0 is the spin current density injected into the OSEC materials at the NiFe/OSEC interface.
In contrast to the DC signals observed in conventional cw-ISHE measurements, the p-ISHE response is a pulse of finite duration that is composed of a range of frequencies. The frequencies'
contributions to the induced current ( ) are therefore determined by a discrete Fourier spectrum (i.e. a Fourier series) that is influenced by the sampling rate and the number of digitized points. For the description of ( ) the sample capacitances must be taken into account, in contrast to cw ISHE measurement where these can be discarded. Consequently, equations (S1) used for the cw measurements are no longer applicable for the pulsed ISHE experiments.
For OSEC materials in which ≫ and OSEC thicknesses dN >>N (as is the case for the measurements presented here), Eq. (S1) shows that V(ISHE) depends only weakly on dN. The reason is that the denominator is mainly determined by and the tanh ( 2 ) term in the numerator approaches unity. The weak dependence on dN makes it difficult to derive the spin diffusion length in the OSEC layers with this device geometry and experimental setup. Because of this, and for the ferromagnetic NiFe injector, the ISHE current, IS rather than ISHE voltage is a better choice for detecting the generated ISHE vs. dN. In order to analyze the p-ISHE current we first introduce a circuit model of our set-up as shown in Fig. S11 . From the analysis of the circuit model we describe IS using an equation (S2) that takes into account the impedance created by both capacitance and resistance, when considering the ac-system-response, as follows:
where RF and RS are the series resistance in the NiFe thin film ( ~65 Ω, measured from NiFe only device) and current-preamplifier (taken from the instruments' manual, ~100 Ω), respectively; is the induced ISHE current close to the OSEC/NiFe interface; and is the current related to the AHE response from the NiFe thin film. The latter component has been greatly suppressed using a MW shunt capacitor in our devices, as shown in Fig. S3 ; but not completely eliminated. In Eq. (S2) CN(j) and RN(j) are the measured parallel capacitance and parallel resistance in the OSEC layer at frequency, ; ( ) is the spectral weight of the p-ISHE response at frequency (see Fig. S12 ); and j is the index of the discrete Fourier component.
We consider a simplified expression of Eq. (S2)
where , and
are the summation of parallel resistance and term through the entire frequency range available in our set-up (~100Hz to ~1MHz, see Fig. S13 ). Note the resistance/conductivity in OSEC materials decay/increase dramatically by orders of magnitude at high frequency S6 . It is reasonable to expect that the summation of over the entire frequency is of the order of few hundred ohms. Additionally, the area of these devices is about 1 mm by 1mm which is much larger than that of a traditional organic spin valve (~ 100 μm by 100 μm, typical resistance is in the range of tens of kilo-ohms to Mega-ohms, see Ref. 31, 32, 34, 37, 46, 50, etc.) . The corresponding p-ISHE voltage can be then expressed as:
)] .
The induced spin current through the OSEC layer can be expressed as
where the parameters were introduced in Eq. (S1 
where is the magnetization angle to the normal axis of the film plane, is the angular frequency of the magnetization precession (at the MW frequency), ↑↓ is the mixing conductance, is the gyromagnetic ratio, is the Gilbert damping constant, and the saturation magnetization. ℎ is the B1 field component of the MW excitation. The real part of the mixing conductance is given by 21,S4,S7
Where is the electron g-factor and the Bohr magneton. ∆ ( / ) and ∆ ( ) are the FMR spectral peak-to-peak width for NiFe/OSEC) and pure NiFe film, respectively. Now the spin Hall angle may be calculated by substituting the above parameters into Eqs. (S2) and (S4) 21 .
(ii) Estimation of the spin diffusion length in the OSEC materials Eq. (S6) has been used for fitting the spin diffusion length from the thickness dependence of the p-ISHE response. An alternative is to fit the relative IS(dN) dependence to get an estimate of . Fig. S15 shows the OSEC thickness dependences of p-ISHE-IS obtained from Pt-Q, DOO-PPV and C60. We note that is in most cases much larger than the corresponding spin diffusion lengths, and therefore, the term tanh ( 2 ) in Eq. (S6) is close to unity. Consequently, the IS response as a function of dN is merely dominated by the resistive and capacitive impedance effects in Eq. (S6) that turns out to be 1/dN. This apparent current decay as a function of the OSEC thickness is thus unrelated to the spin diffusion length. We therefore conclude that estimation using a fitting procedure for IS(dN) is accurate only when dN is sufficiently small such that the term tanh ( 2 ) becomes substantially dependent on dN.
For the experiments presented here, thin enough layers (dN  and thus, tanh ( 2 ) < 1) have been achieved only for Pt and PEDOT. For the other OSECs where tanh ( 2 ) ~ 1, the spin Hall angle ( ) cannot be calculated because and always appear as a product, referred here and in the following as Lamda-theta product (= ). We can accurately determine from the p-ISHE experiments in these cases, as shown in Table I , yet not the individual parameters and . Nevertheless, we can determine the spin Hall angle for cases where the spin diffusion lengths is known from other experiments such as spin-valve measurements, as is the case for some of the OSEC materials studied here.
We have fabricated organic spin valves (OSVs) based on several OSEC (La0.67Sr0.33MnO3/OSEC/Cobalt/Al); and measured the obtained giant magnetoresistance (GMR) vs. the organic interlayer thickness 31-37 in order to estimate the spin diffusion length independently of the ISHE studies. Fabrication of OSV devices based on DOO-PPV and PBTTT is straightforward since the spin diffusion length in these materials is sufficiently large. In contrast, the SOC in Pt-polymers is much stronger, and therefore it is expected that the spin diffusion length in these polymers is very short. Fabrication of proper OSV devices in these cases has therefore been a challenge. If the Pt-polymer thickness is too small (<5 nm), tunneling magnetoresistance may dominate the OSV response, where the thickness dependence is not related to . Also, if ≫ then the GMR response may be too small for extracting a reliable value for .
Nevertheless, we succeeded in fabricating OSVs based on the Pt-3 polymer of which spin-valve results are shown in Fig. S16 . We also performed electro-luminescence (EL) measurement, I-V characteristics and voltage dependence of the MR(B) response (see Fig. S17 ). The EL measurement provides evidence for carrier injection into the OSEC, rather than carrier tunneling across the OSEC thickness. The I-V and dI/dV characteristic show that there is no zero bias anomalies (ZEBRA) in the Pt-3 OSV device. Importantly the MR(V) dependency shows a distinct response compared to that of TMR(V). The TMR(V) response usually peaks at V=0 [see Refs. 32, V, reaches a maximum at V=2 V, and decreases thereafter. This shows that spin injection follows carrier injection, giving supporting evidence to our results. This also confirms that the observed MR response is the GMR response from the spin injection into the Pt-3 polymer, and thus the obtained from these measurements is reliable.
The MR response in Pt-3 polymer as function of thickness is given by
where P1 and P2 are the nominal values for the spin injection polarization degrees of the two ferromagnet (FM) electrodes (namely, P(La0.67Sr0.33MnO3, LSMO) 95% and P(Cobalt)30%) S8,S9 . Using Eq. (S9) to fit the GMR( ) results we could estimate (see Table   I ). We note that most OSV responses are only observed at low temperature because of the materials choice for the bottom FM electrode (namely the LSMO) 31 . We thus estimate, as was verified by muon spin rotation measurements that may decrease by a factor of ~2-3 S10 at room temperature.
In addition whenever available, spin diffusion lengths obtained from additional independent measurements found in the literature have also been included in Table I . These values permit us to estimate the spin Hall angle from the p-ISHE measurements with uncertainties that are predominantly governed by the uncertainties of the available spin-diffusion lengths. 
Supplementary
S8. Angular dependence of FMR response
In order to calculate the spin Hall angle for various OSEC materials using Eqs. (S5) to (S8), it is necessary to determine , , ↑↓ , , , and in order to estimate the spin current density 0 .
For this purpose the out-of-plane angular dependence of the FMR response was measured for various OSEC materials and subsequently a numerical analysis of these data based on the LandauLifshitz-Gilbert (LLG) equation (S10) was made;
Under static equilibrium and neglecting the magneto-crystal anisotropy, the LLG equation yields the expression:
that relates the external magnetic field angle and magnetization angle with respect to the normal axis of the NiFe film plane. Here = − 90. H is the strength of the external magnetic field. The FMR resonance condition is given by S11,S12 :
where is the obtained FMR resonance field. By numerically fitting the FMR resonance field as a function of the out-of-plane angle (Fig. S18 ) using Eq. S10 to S12, we can determine the values of , / , and 4 .
The full-width at half-maximum (FWHM) of the FMR(H) response (which can be obtained by the peak to peak field difference, ∆ in the derivative FMR(H) response) is intrinsically caused by the Gilbert damping constant ( ) (Eq. (S10) S13 . It can be expressed as S11,S12
The FWHM may also be obtained from the anisotropy dispersion in the out-of-plane direction S14-S17 , which is given by
The extrinsic ∆ originates from the local variation of the magnitude and direction of 4 at the resonant field ( ). Thus ∆ can be expressed as S14-S17 .
∆ vs.
(right panels of Fig. S18 ) is fitted using Eq. (S15) to (S17) by adjusting the value of , ∆(4 ) and ∆ . The damping factor can also be simply estimated using the relation ≈ (√3 /4 )∆ S18 , which is consistent with the value obtained from Eq. (S15) to (S17).
Supplementary Figure S18 | a to d, FMR resonance field (left panels), magnetization angular dependence θm (middle panels), and FMR width as a function of θH (right panels) in various OSEC-based p-ISHE devices as given. The resonance field as a function of θH is fitted using Eq. (S10) to (S14) (red line) to obtain the parameters 4πMS , / and θm. The peak-to-peak width as a function of θH is fitted using Eq. (S15) to (S17) to obtain the damping factor , variation in the value of 4πMS (i.e. ∆4πMS) and angle (∆θH) for the magnetization at the resonant field. The derivation of the fit around θH = 0 is due to the small number of data points at higher resonance fields, a limitation caused by the maximum of the external magnetic field in the pulsed EPR spectrometer (Bres has to be < 1T).
S9. Spin backflow
In general, the spin-backflow reduces the net spin current density that is pumped into the NM layer at a FM/NM interface. The spin-backflow factor can be considered as an additional ( ) term for the calculation of the effective spin-mixing conductance ( ↑↓ ). Their relationship can be expressed by [Ref. 22, S7, and S19] :
where and are the thickness of the non-magnetic metal layer and the spin diffusion length, respectively. β is the spin-backflow factor. = ⁄ and is the scattering lifetime (based on the 'free electron' model), which renders ↑↓ to depend on the NM element that is been measured. ↑↓ represents the intrinsic interface spin-mixing conductance, which is independent of , and the NM element. When ≫ , ↑↓ reaches its saturation value (see Eq. (S20)).
When ~ or < , ↑↓ increases with , which is a clear feature of the spin-backflow influence [Ref. S7, S19] . Experimentally, ↑↓ value can be obtained from the additional damping factor, using the relationΔ = 4 ↑↓ . Thus, in order to evaluate the spin-backflow in our measurements, we decided to measure the additional damping factor, Δ as function of C60 thickness (down to 2 nm) for various NiFe/C60 junctions using FMR measurements at various MW frequencies and C60 layer thickness, dC60.
The FMR response as function of MW frequency (4 GHz to 13 GHz) was performed using a 'home-made coplanar waveguide' (see Fig. S19a ). The MW frequency dependence of the resonant field (Bres) is plotted and fitted by the Kittel formula ( = 2 √ ( + 4 )) to derive the g-factor and effective magnetization (4 ) (Fig. S19b) . The damping factor for each NiFe/C60 junction at variable C60 thickness is fitted from the FMR peak-to-peak width (∆ ) as a function of the MW frequency: ∆ = ∆ 0 + obtained g factor. ∆ 0 is the inhomogeneous broadening. This is in agreement with the data shown in Fig. S19c . Table S2 .
S11. Calculation of Spin Hall angle (θSH) in Pt and the studied OSEC materials
Supplementary Table S1 | FMR response in OSEC p-ISHE devices and the derived parameters using Eqs. (S7) to (S17). The saturation magnetization (4πMS), / , broadened width between NiFe/OSEC and NiFe FMR spectra, FMR resonance fields are obtained from Fig.   S18 (left panel) using Eqs. (S10) to (S14). The full damping factor , magnetization deviation ∆4πMeff and angle ∆θH are fitted from the data of the FMR width vs. θH (right panel in Fig. S18) using Eq. (S15) to (S17 . 
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